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 ,QWURGXFWLRQ
,QGXVWULDOZDVWHVSROOXWHDVXEVWDQWLDOSDUWRIWKHZDWHUUHVRXUFHV'\HVHQFRPSDVVDFKLHISDUWRILQGXVWULDOZDWHU
HIIOXHQWV DQG WKH UHVXOWHG E\SURGXFWV FRQWDLQ WKH PHWDO LRQV  5HPRYDO RI WKH G\HV LV YHU\ HVVHQWLDO VLQFH LW LV
FDUFLQRJHQLFDQGKDVDKD]DUGRXVHIIHFWRQPDQNLQGDQGLVDPDMRUFRQFHUQRILWVLPSDFWRQWKHHQYLURQPHQW>*XOHW
DO@
2QO\±G\HVWXIIVKDVEHHQUHSRUWHGELRGHJUDGDEOHDQGWKHUHVLGXDOFRORXULVPRVWO\GXHWRLQVROXEOHG\HV
ZKLFKKDYHORZELRGHJUDGDELOLW\%HFDXVHRIWKHWR[LFLW\DQGSHUVLVWHQFHWKHUHPRYDORIG\HVIURPWKHZDVWHZDWHU
KDVDWWUDFWHGPRUHDWWHQWLRQGXULQJWKHODVWIHZ\HDUV)URPWKHLUUHVHDUFKZRUN>=XEDLUHWDO@UHSRUWHGWKDW
VRPHG\HVJRWKURXJKDQDHURELFGHFRORUDWLRQWRIRUPSRWHQWLDOFDUFLQRJHQV7KXVWKHUHLVDVXEVWDQWLDOQHHGWRWUHDW
WKHVHFRORUHGHIIOXHQWVEHIRUHUHOHDVLQJWKHPWRWKHYDULRXVZDWHUERGLHV7\SLFDO WUHDWPHQWWHFKQLTXHVLQFOXGHWKH
FODVVLFDO PHWKRGV VXFK DV DGVRUSWLRQ FRDJXODWLRQ LRQ IORWDWLRQ DQG VHGLPHQWDWLRQ %XW >5LHUD HW DO 
0XKDPPDG HW DO @ UHSRUWHG WKDW DOO WKHVH WHFKQLTXHV DUH XVHIXO DQG YHUVDWLOH EXW VRPH XVH H[SHQVLYH
FKHPLFDOV DQG IHZ DOVR HQG XS LQ SURGXFLQJ D VHFRQGDU\ ZDVWH SURGXFW ZKLFK QHHGV WR EH SURFHVVHG IXUWKHU
$QRWKHU VHW RI WHFKQLTXHV ZKLFK DUH UHODWLYHO\ QHZHU PRUH SRZHUIXO DQG YHU\ SURPLVLQJ LV FDOOHG DGYDQFHG
R[LGDWLRQ SURFHVVHV $23V ZKLFK KDYH EHHQ GHYHORSHG DQG HPSOR\HG WR WUHDW G\HFRQWDPLQDWHG ZDVWHZDWHU
HIIOXHQWV>5DXIHWDO2OOHUHWDO@,QWKLVWHFKQRORJ\VHPLFRQGXFWRUVZLWKVXLWDEOHEDQGJDSHQHUJ\
OHYHOVDUHXVHGDVDSKRWRFDWDO\VW3KRWRQVZLWKHQHUJ\KLJKHUWKDQEDQGJDSHQHUJ\DUHUHTXLUHGIRUWKHH[FLWDWLRQ
RIWKHSKRWRFDWDO\VW
7L2 HIIHFWLYHQHVV RQ GHJUDGDWLRQ RI RUJDQLF SROOXWDQWV E\ SKRWRFDWDO\WLF WHFKQRORJ\ KDV DWWUDFWHG LQFUHDVLQJ
DWWHQWLRQ RYHU WKH ODVW IHZ GHFDGHV >+X HW DO  .DQVDO HW DO @  7L2 LV WKH PRVW ZLGHO\ XVHG
SKRWRFDWDO\VWEHFDXVHRI LWV VXLWDEOH IODWEDQGSRWHQWLDO FKHPLFDO VWDELOLW\RSWLFDOHOHFWURQLFSURSHUWLHV ORZFRVW
QRQWR[LFLW\DQGKLJKSKRWRFDWDO\WLFDFWLYLW\7KHUHDUHDORWRIDSSOLFDWLRQVRI7L2 IRUSKRWRGHJUDGDWLRQRIRUJDQLF
FRPSRXQGV LQRUJDQLF UHDJHQWV UHPRYLQJ RGRXUV IURP FORVHG VSDFHV DQG VHOIFOHDQLQJ VXUIDFHV >%DR @
3KRWRFDWDO\WLFDFWLYLW\GHSHQGVRQWKHRSWLFDOVSHFWUXPEXWWKHNH\VKRUWFRPLQJRI7L2 LVLWVZLGHEDQGJDSRI
H97KHYLVLEOHUDQJHRIVRODUVSHFWUXPFRQVLVWVRIRQO\RIWKHHQWLUHVRODUVSHFWUXP>&KHQHWDO@+HQFH
LWLVQRWDFWLYHLQYLVLEOHOLJKWDQGFDQEHDFWLYDWHGRQO\LQ89OLJKW7KHSHUIRUPDQFHRISKRWRGHJUDGDWLRQUHOLHVRQ
WKH DEVRUSWLRQ RI LQFLGHQW SKRWRQV E\ WKHPHWDO R[LGH QDQRSDUWLFOHV DQG DOVR WKH VXFFHHGLQJ SKRWR JHQHUDWLRQ RI
HOHFWURQV DQG KROHV +HQFH LQ RUGHU WR H[SORLW WKH DGYDQWDJHV RI 7L2 LW KDV WR EH HOHFWURQLFDOO\ PRGLILHG 7KH
PRGLILFDWLRQFDQEHGRQHE\GRSLQJZLWKGLIIHUHQWPHWDOVZKLFKUHGXFHVWKHEDQG JDS0DQ\UHVHDUFKHVKDYHEHHQ
UHSRUWHG RQ WKHPRGLILFDWLRQV LQ 7L2 VWUXFWXUH WR LPSURYH WKH EDQG JDS DQG SKRWRFDWDO\WLF GHJUDGDWLRQ RI G\H
/DQWKDQXP/DGRSHGRQ7L2 ZDVLQYHVWLJDWHGDQGIRXQGWKDW/D GLGQRWHQWHULQWRWKHFU\VWDO ODWWLFHVRI7L2
DQG ZDV XQLIRUPO\ GLVSHUVHG RQWR 7L2 ZKLFK SRVVLEO\ PDGH /D GRSDQW KDYH D JUHDW LQKLELWLRQ RQ 7L2 SKDVH
WUDQVIRUPDWLRQ>-LQJHWDO =KLHWDO @7KHHIIHFWRI ,URQ)HGRSHG7L2 QDQRSDUWLFOH ZDVVWXGLHG
DQGIRXQGWKDWFDWDO\VWORDGLQJRINJP DQGWKHFRQFHQWUDWLRQRI0%G\HRISSPZDVUHGXFHGWRSSP
LH  DIWHU  PLQ IRU  )HGRSHG 7L2 >=KLML HW DO  3HUL\DVDPL HW DO @ ,QYHVWLJDWLRQ RI
1LWURJHQ 1GRSHG7L2 IRU WKHGHJUDGDWLRQRI FHID]ROLQZDVREVHUYHG ><HOGD HWDO @ DQG IRXQG WKDW RQO\
GHJUDGDWLRQRIFHID]ROLQZDVDFKLHYHGLQPLQ%HWWHUSKRWRFDWDO\VLV ZLWK0RO\EGHQXP0RRQ7L2
EXWZLWKIXUWKHULQFUHDVHWKHHIILFLHQF\GHFUHDVHG>:DQJHWDO@7KHEDQGJDSZDV UHGXFHGWRH9DQG
WKHEHVWSKRWRFDWDO\WLFDFWLYLW\RI0HWK\O2UDQJHGHFRPSRVLWLRQREVHUYHGZDVIRUPLQXWHV
5HVHDUFKUHODWHG WR WKHGHJUDGDWLRQRIG\HE\ WDNLQJRQHIDFWRUDWD WLPHKDVEHHQUHSRUWHG LQ OLWHUDWXUHUHYLHZ
ZKLFKLVWLPHFRQVXPLQJ DQGKHQFHUHTXLUHVPDQ\H[SHULPHQWVWRFRUHODWHWKHLQWHUDFWLRQVRIWKHRSHUDWLRQDOIDFWRUV
DQG KHQFH UHVXOWLQJ LQ DQ LQHIILFLHQW DSSURDFK +RZHYHU WKH RSWLPL]DWLRQ RI SURFHVV SDUDPHWHUV IRU WKH G\H
GHJUDGDWLRQE\WDJXFKLPHWKRGLVYHU\VFDUFHDQGLVVWLOOLQWKHH[SORULQJVWDJH+HQFHWKHREMHFWLYHRIWKLVUHVHDUFK
ZRUNZDV WR LQYHVWLJDWH DQG RSWLPL]H WKHSKRWRFDWDO\WLF GHJUDGDWLRQSDUDPHWHUV VXFK DV FDWDO\VW DPRXQW S+DQG
LUUDGLDWLRQWLPHRI0%G\HZKLFKZDVXVHGDVDQLQGLFDWRUXVLQJ$JGHSRVLWHG 7L2 QDQRSDUWLFOHVXVLQJWDJXFKL/
RUWKRJRQDODUUD\WHFKQLTXH
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 ([SHULPHQWDOVWXGLHV
 0DWHULDOV
7L2 FRPSRVLWLRQ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DQDWDVHZDVSXUFKDVHG IURP/RED&KHPLHZDVXVHG DV D SKRWRFDWDO\VW SHUFKORULF
DFLGZDVVRXUFHGIURP0HUFN63/DQGZDVXVHGWRPDLQWDLQS+VLOYHUQLWUDWH$J12SXULW\ZDVVRXUFHG
IURP/RED&KHPLHDQGZDVXVHGDVDVLOYHUVRXUFHIRUWKH$JGHSRVLWLRQRQ7L20%G\HZDVVRXUFHGIURP0HUFN
63/DQGZDVXVHGDVDQLQGLFDWRUIRUSKRWRFDWDO\WLFGHJUDGDWLRQE\$J7L2$OOFKHPLFDOV ZHUHXVHGDVUHFHLYHG
ZLWKRXWDQ\IXUWKHUSXULILFDWLRQ
 3UHSDUDWLRQRISKRWRFDWDO\VW
$J PRGLILHG 7L2 QDQRSDUWLFOHV ZHUH V\QWKHVL]HG E\ SKRWRGHSRVLWLRQ WHFKQLTXH 7L2  J DQG GHILQLWH
DPRXQWRI$J12LQLQWHUYDOVRIPROHUDWLRYHUVXV 7L2 ZHUHDGGHGLQWRPOGLVWLOOHGZDWHUDQG
S+ ZDV DGMXVWHG WR  E\ SHUFKORULF DFLG 7KH PL[WXUHV ZHUH VWLUUHG PDJQHWLFDOO\ XQGHU PHUFXU\ ODPS
:IRUK7KHUHVXOWDQWSUHFLSLWDWHVZHUHGULHGLQDQDLURYHQIRUKDW&7KHGULHGVROLGVZHUH JURXQG
DQGZHUHFDOFLQHGLQDIXUQDFHIRUKDW&
 &KDUDFWHUL]DWLRQRI1DQRSDUWLFOHV
7KH FU\VWDO SKDVHRI XQGHSRVLWHG DQG$JGHSRVLWHG7L2 ZDVPHDVXUHGE\SRZGHU;±5D\'LIIUDFWLRQ ;5'
6+,0$'=87KHSRZGHUZDVVSULQNOHGRQJODVVVOLGHDQGGLIIUDFWRJUDPVZHUHUHFRUGHGEHWZHHQWKHDQJOHV
RIWR6FDQQLQJ(OHFWURQ0LFURVFRS\6(0ZDVXVHGIRUPRUSKRORJLFDOFKDUDFWHUL]DWLRQRISXUH7L2 DQG
$JGHSRVLWHG7L2 E\+,7$&+,68 3DUWLFOH VL]HZDVPHDVXUHG E\0,&5275$&¶6 SDUWLFOH VL]H DQDO\VHU
ZKLFKFDQPHDVXUHIURPQPQP
 3KRWRFDWDO\WLF(YDOXDWLRQ
7KHSKRWRFDWDO\WLFGHJUDGDWLRQRI3XUHDQG$J7L2 ZDVLQYHVWLJDWHGE\WDNLQJ0%DVDPRGHO G\H FRPSRXQG
7KHIL[HGDPRXQWRIGRSDQWZDVDGGHGLQWRSSPRIG\HVROXWLRQLQPOEHDNHU7KHEHDNHULVVXEMHFWHGWR89
LUUDGLDWLRQ:D[LDOO\IRUDIL[HGLQWHUYDORIWLPH$QH[KDXVWIDQZDVHPSOR\HGWRFRROWKHLUUDGLDWLRQVRXUFH$
PDJQHWLFEHDWLVSXWLQWRWKHEHDNHUIRUFRQVWDQWVWLUULQJRIWKHG\HVROXWLRQ$IWHUDIL[HGDPRXQWRIWLPH  PORI
VDPSOHZDVSLSHWWHRXW IURP WKHSKRWRUHDFWRUDQGFHQWULIXJHGDWUSPIRUPLQ WRVHSDUDWH WKHFDWDO\VW7KH
ILOWHUHGVROXWLRQLVWDNHQLQDFXYHWWHDQGWKHFRQFHQWUDWLRQRI0%ZDVPHDVXUHGE\89YLVLEOHVSHFWURSKRWRPHWHUDW
QP DW ZKLFK WKH DEVRUSWLRQ RI 0% LV KLJKHVW 7KH SHUFHQWDJH GHJUDGDWLRQ LV FDOFXODWHG IURP WKH IROORZLQJ
HTXDWLRQ

ZKHUH&   ,QLWLDO FRQFHQWUDWLRQ RI0% VROXWLRQ EHIRUH LUUDGLDWLQJZLWK89 DQG&  FRQFHQWUDWLRQ RI0% DIWHU
LUUDGLDWLQJZLWK897KHSKRWRFDWDO\WLF FRPSDULVRQRI SXUH7L2 DQG$J7L2 ZDV LQYHVWLJDWHGE\ FKHFNLQJ WKH
GHJUDGDWLRQSHUFHQWDJHDQGSORWWLQJDJUDSKRI &&
 ([SHULPHQWDOGHVLJQDQG6WDWLVWLFDODQDO\VLV
ൈ ͳͲͲ 3UHOLPLQDU\H[SHULPHQWVZHUHFRQGXFWHGE\RQHIDFWRUDWDWLPHDSSURDFKWRNQRZWKHUDQJHVRIWKH
WKUHHSDUDPHWHUVFDWDO\WLFGRVDJHS+DQGFRQFHQWUDWLRQRIG\HIRUWKHGHJUDGDWLRQRI0%G\H6WDWLVWLFDO'HVLJQRI
([SHULPHQWV '2( FRQVLVWV RI YDULDWLRQ RI VHYHUDO SDUDPHWHUV DW D WLPHZKHQ FRPSDUHG WR RQH IDFWRU DW D WLPH
DSSURDFKZKHUHLQRQO\RQHIDFWRU LVYDULHGNHHSLQJDOO WKHRWKHU IDFWRUVFRQVWDQW'2(WHFKQLTXHFDQEHXVHG IRU
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JHWWLQJDUHODWLRQVKLSDPRQJYDULDEOHVDQGKHQFHVDYLQJFRQVLGHUDEOHDPRXQWRIWLPHDQGPDWHULDO>'RXJODV
6RXGHKHWDO@'2(ZDVDSSOLHGXVLQJDVWDWLVWLFDOVRIWZDUHWRRO0,1,7$%9
7KHQXPEHURIH[SHULPHQWV UHTXLUHG WRDQDO\]H WKH IDFWRUHIIHFWVRIDSURFHVV WKURXJK'2(E\ IXOO IDFWRULDO
GHVLJQRI  IDFWRUV DQG OHYHOV LV  H[SHULPHQWV ,QSUDFWLFDO VFHQDULRV LW LV XVXDOO\ WHGLRXV DQG H[SHQVLYH WR
FRQGXFWIXOOIDFWRULDOH[SHULPHQWV)RUWKLVUHDVRQRUWKRJRQDODUUD\PHWKRGSURYLGHVWHFKQLTXHVZKHUHLQUHGXFLQJ
WKH IXOO IDFWRULDO WR D IUDFWLRQDO IDFWRULDO UHGXFHV WKH QXPEHU RI H[SHULPHQWV :LWK VXFK DQ DUUD\ FRPSOHWHO\
UDQGRPL]HGH[SHULPHQWVFDQEHFRQGXFWHG
7KUHHIDFWRUVDUHFRQVLGHUHGIRUH[SHULPHQWDOVWXGLHV&DWDO\VWDPRXQWRI$J7L2S+RI0%G\HVROXWLRQDQG
WKHLUUDGLDWLRQWLPHRIWKHVROXWLRQXQGHU 89OLJKWDVVKRZQLQ7DEOH)URPRQHIDFWRUDWDWLPHDSSURDFKRIWKH
0%G\HGHJUDGDWLRQYDULRXVOHYHOVDUHIRXQGRXWIRUWKHRUWKRJRQDODUUD\
7KH DERYH VDLG H[SHULPHQWDO SDUDPHWHUV ZHUH RSWLPL]HG XVLQJ 560 E\ WDNLQJ GHJUDGDWLRQ RI0% G\H DV
UHVSRQVH YDULDEOH7KHJRDOLVWRRSWLPL]HWKHUHVSRQVHYDULDEOH <7KHJHQHUDOILUVWRUGHUUHVSRQVHVXUIDFHPRGHO
XVHGWRSUHGLFWWKHSDUDPHWHUVRQWKHUHVSRQVHIDFWRULVJLYHQE\(T
<L ȕȕ;L ȕ;L «««««««ȕM ;LMİL «««««1 
ZKHUHµİ¶LVDUDQGRPHUURU7KHȕFRHIILFLHQWV[LT DUHWKHYDOXHVRILWKREVHUYDWLRQDQGMWKOHYHORIGHJUDGDWLRQ
SDUDPHWHUV7KHUHVSRQVH\LVDIXQFWLRQRIWKHGHVLJQYDULDEOHV;;«;M7KHQWKHILUVWRUGHUUHVSRQVHVXUIDFH
PHWKRGIRUGHJUDGDWLRQE\FRQVLGHULQJSDUDPHWHUVVXFKDV&DWDO\VWDPRXQW&DS+S+DQG,UUDGLDWLRQWLPH,UU
LVJLYHQLQ(T
7 ȕ ȕ &Dȕ S+ȕ ,UU 
 5HVXOWVDQG'LVFXVVLRQV
 3UHOLPLQDU\H[SHULPHQWV
3UHOLPLQDU\ H[SHULPHQWV ZHUH FRQGXFWHG E\ RQH IDFWRU DW D WLPH DSSURDFK WR NQRZ WKH UDQJHV RI WKH WKUHH
SDUDPHWHUV FDWDO\WLF GRVDJH ZLWKRXW GRSLQJ ZLWK $J S+ DQG FRQFHQWUDWLRQ RI G\H WR EH XVHG LQ WKH 7DJXFKL
RUWKRJRQDODUUD\
 (IIHFWRI7L2 DVFDWDO\VWDPRXQW
3KRWRFDWDO\WLFGHJUDGDWLRQLVDIIHFWHGE\WKHDPRXQWRISKRWRFDWDO\VW$VVKRZQLQ)LJWKHLQFUHDVHLQFDWDO\VW
FRQFHQWUDWLRQXS WRJO LQFUHDVHV WKHQXPEHURIDFWLYH VLWHVDQG WKXVFDXVLQJ WKH LQFUHDVH LQK\GUR[\O UDGLFDOV
ZKLFKFRQVHFXWLYHO\LQFUHDVHVWKHGHJUDGDWLRQRIWKH0%G\H%XWEH\RQGJOWKHUHLVGHFUHDVHLQGHJUDGDWLRQ
RI0%7KLVFDQEHDWWULEXWHGWRWKHIDFWWKDWWKHVROXWLRQEHFRPHVWXUELGDQGKHQFHGRHVQRWDOORZWKH89UD\VWR
SDVVWKURXJKLWDQGKHQFHEORFNVWKH89UDGLDWLRQ>$NSDQHWDO@
 (IIHFWRIS+
(IIHFWRIS+LVRQHRIWKHLPSRUWDQWIDFWRUVRQWKHSKRWRFDWDO\WLFGHJUDGDWLRQ7RLQYHVWLJDWHWKHHIIHFWRIS+
H[SHULPHQWVZHUHFDUULHGRXWDWGLIIHUHQWRIS+YDOXHVWRDW7L2 JODQGG\HFRQFHQWUDWLRQRISSP
7KHREVHUYDWLRQVVKRZHGWKDWZLWKLQFUHDVHLQS+GHJUDGDWLRQRI0%LQFUHDVHVDVVKRZQLQ)LJ
7KH EHWWHU HIILFLHQF\ IRU WKH GHFRORUL]DWLRQ RI0% LV REVHUYHG XQGHU DONDOLQH FRQGLWLRQV 7KLV LV GXH WR WKH
JHQHUDWLRQ RI K\GUR[\O UDGLFDOV 2+ LQ DONDOLQHPHGLXP8QGHU DFLGLFPHGLXP WKHUH LV GHFUHDVH LQ GHJUDGDWLRQ
HIILFLHQF\ZKLFKFDQEHDWWULEXWHGGXH WR WKHFROXPELFUHSXOVLRQ7KHSRVLWLYHO\FKDUJHG7L2 DEVRUEVQHJDWLYHO\
FKDUJHG0%DQG WKXV LPSURYHV WKHGHJUDGDWLRQ HIILFLHQF\ DQG WKXVSKRWRFDWDO\WLF GHJUDGDWLRQ3KRWRGHJUDGDWLRQ
HIILFLHQF\LQFUHDVHVDVS+LVLQFUHDVHGDQGLVIRXQGWREHPD[LPXPDWS+
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 (IIHFWRIVWLUULQJWLPH
7KH HIIHFW RI VWLUULQJ WLPHRQGHJUDGDWLRQZDV LQYHVWLJDWHGE\ NHHSLQJ FDWDO\VW DPRXQW DW J/ S+RIG\H
VROXWLRQ DW  DQG YDU\LQJ WKH VWLUULQJ WLPH RI WKH G\H VROXWLRQ XQGHU 89 OLJKW 7KH UHVXOWV VKRZHG WKDW WKH
GHJUDGDWLRQ SHUFHQWDJH LQFUHDVHV DV WKH WLPH LQFUHDVHV 7KLV LV GXH WR WKH IDFW WKDW DV WLPH LQFUHDVHV WKH ERQG
EHWZHHQGLIIHUHQWPROHFXOHVRI0%G\HJRHVZHDNHUDQGWKHFKURPRSKRUHSDUWRIWKHPROHFXOHEUHDNVGRZQWKXV
LQGLFDWLQJWKHFKDQJHLQFRORXURIWKH0%G\HVROXWLRQ7KHPD[LPXPGHJUDGDWLRQHIILFLHQF\LVREVHUYHGDWPLQ
DVVKRZQLQ)LJ
)LJ 0% G\H GHJUDGDWLRQ E\ NHHSLQJ S+  FDWDO\VW
DPRXQWJODQGYDU\LQJLUUDGLDWLRQWLPH
)LJ,QYHVWLJDWLRQRIGLIIHUHQWPRORI$J7L2
)LJ0%G\HGHJUDGDWLRQE\NHHSLQJLUUDGLDWLRQWLPHPLQ
S+DQGYDU\LQJFDWDO\VWDPRXQW
)LJ 0% G\H GHJUDGDWLRQ E\ NHHSLQJ LUUDGLDWLRQ WLPH  PLQ
FDWDO\VWDPRXQWJODQGYDU\LQJS+RIG\HVROXWLRQ
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 ,QYHVWLJDWLRQRIGLIIHUHQWPROXQGHURSWLPL]HGSDUDPHWHUV
7KH SDUDPHWHUV HIIHFWLQJ WKH GHJUDGDWLRQ OLNH FDWDO\VW DPRXQW JO S+  LUUDGLDWLRQ WLPH  PLQ ZHUH
RSWLPL]HGE\RQH IDFWRU DW D WLPH DSSURDFK&DWDO\VW DPRXQWRIJO0%G\H FRQFHQWUDWLRQRI SSPDQG WKH
VROXWLRQS+DWZDVWDNHQLQPOEHDNHU'LIIHUHQW$J7L2 PROSUHSDUHGIURPWKH7DEOHZDVLQYHVWLJDWHG
IRU SKRWRFDWDO\WLF GHJUDGDWLRQ 7KLV LV LUUDGLDWHG IRU  PLQ XQGHU 89 OLJKW LQ D SKRWRUHDFWRU 7KH SHUFHQWDJH
GHJUDGDWLRQLVFDOFXODWHGIURPWKH(T
7KH SKRWRFDWDO\WLF FRPSDULVRQ RI SXUH 7L2 DQG GLIIHUHQW PRO RI $J GHSRVLWHG 7L2 ZDV LQYHVWLJDWHG E\
FKHFNLQJWKHGHJUDGDWLRQSHUFHQWDJHDQGSORWWLQJDJUDSKRI&& WKHRSWLPL]HGFRQFHQWUDWLRQRI$JZDVIRXQG
WREHPRODVVKRZQLQWKH)LJ
 &KDUDFWHUL]DWLRQ
7RLQYHVWLJDWH WKHW\SHRIFU\VWDOOLQLW\DQGWRNQRZLI WKHUHLVDQ\FKDQJHRFFXUUHGGXHWR$JGRSLQJRQ7L2
;5'ZDVGRQH,WLVREVHUYHGWKDWWKHGLIIUDFWLRQSDWWHUQVRIERWKSXUH7L2 DQG$J7L2 FRLQFLGHZLWKHDFKRWKHU
DVVKRZQLQ)LJ7KLVFDQEHH[SODLQHGRQWKHEDVLVWKDW$JZDVPHUHO\SODFHGRQWKH7L2 VXUIDFHDQGWKHUHLVQR
LQIOXHQFHRQWKHFU\VWDOODWWLFHRI7L2 GXHWR$J
;
PRO
7L ;
SHUJ
$J;
SHUJ
  
  
  
  
  
7DEOH&DOFXODWLRQ RI PRO  IRU FDWDO\VW
)LJ ;5'SDWWHUQRI 7L2 DQG$J7L2 )LJ ;5'SDWWHUQRIGLIIHUHQW$J7L2PRO
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7KH;5'SDWWHUQRIGLIIHUHQWPROLQVWHSVRIRIPRORI$J7L2 QDQRSDUWLFOHVZDVLQYHVWLJDWHG
7KH GLIIUDFWLRQ SHDNV DW ș   HOXFLGDWH DQDWDVH SKDVH ZKLFK LV FRPSO\LQJ ZLWK WKH VWDQGDUG -&3'6 FDUG
QR7KHGLIIUDFWLRQSHDNVDWș FRUUHVSRQG WRUXWLOHSKDVH7KH$J7L2 QDQRSDUWLFOHFRQVLVWVRI
PRUHDQDWDVHDQGZLWKDIHZWUDFHVRIUXWLOHSKDVHV,WLVREVHUYHGWKDWWKHGLIIUDFWLRQSDWWHUQVRIGLIIHUHQWPRO$J
7L2 FRLQFLGHZLWK HDFK RWKHU LQGLFDWLQJ WKDW WKH $J KDV QRW FKDQJHG WKH FU\VWDO VWUXFWXUH RI7L2 DV VKRZQ LQ
)LJ
7KH6(0SLFWXUHVRISXUH7L2 DQG$J7L2 LVDVVKRZQLQ)LJ7KHLPDJHVVKRZWKDW7L2 FRQWDLQV
LUUHJXODUVKDSHGSDUWLFOHVDQGWKHGLVWULEXWLRQRIVLOYHURQWKH7L2 FDWDO\VWLV QRWXQLIRUP$JFDQEHVHHQDVWKH
DJJUHJDWLRQRIWLQ\FU\VWDOVRQ7L26L]HRIWKHQDQRSDUWLFOHVRISXUHDQG$J7L2 ZDVIRXQGE\SDUWLFOHVL]H
DQDO\VHU7KHJUDSKVRI$JGHSRVLWHGDQGSXUH7L2 LVDVVKRZQLQ)LJ3DUWLFOHVL]HRI7L2 LVIRXQGWREHQP
DQGWKDWRI$J 7L2 ZDVIRXQGWREHQP7KHGLIIHUHQFHRIWKHVHWZRLHQPLV$JGRSDQWDPRXQW
)LJ3DUWLFOHVL]HDQDO\VLVRI7L2 DQG$J7L2 QDQRSDUWLFOHV
)LJ 6(0LPDJHVRI7L2 DQG$J7L2 QDQRSDUWLFOHV
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 6WDWLVWLFDODQDO\VLV
$IWHUDGGLQJ$JFDWDO\VWWKHGHJUDGDWLRQRI 0%G\HZDVGRQHXVLQJ/7DJXFKLRUWKRJRQDODUUD\WHFKQLTXH DV
VKRZQLQ7DEOH)URPRQHIDFWRUDWDWLPHDSSURDFKYDULRXVOHYHOVDUHIRXQGRXWIRUWKHRUWKRJRQDODUUD\
7DEOH)DFWRUVDQGWKHLUFRUUHVSRQGLQJYDULDELOLW\OHYHOV 7DEOH/7DJXFKLRUWKRJRQDODUUD\IRU0%GHJUDGDWLRQ
7ZR WULDOV RI GHJUDGDWLRQRI G\HZHUHGRQH IRU HDFK H[SHULPHQW WR HQVXUH WKH UHSHDWDELOLW\ DQG WKHPHDQRI WKH
WULDOVLVWDNHQDVUHVSRQVHDVVKRZQLQ7DEOH
$129$ZDVSHUIRUPHGLQRUGHUWRLQYHVWLJDWHWKHLQIOXHQFHRISURFHVVSDUDPHWHUVVXFKDVFDWDO\VWDPRXQWS+
DQG LUUDGLDWLRQ WLPH RQ WKH UHVSRQVH YDULDEOH SHUFHQWDJH GHJUDGDWLRQ 7KH VWUDWHJ\ RI SRROHG VXP RI HUURUV ZDV
FRQVLGHUHG DQG WKH UHVXOWV RI$129$ IRU SHUFHQWDJH GHJUDGDWLRQ UHVSRQVH DUH DV VKRZQ LQ 7DEOH   )URP WKH
$129$ RI H[SHULPHQWDO UHVXOWV WKH SHUFHQWDJH GHJUDGDWLRQ RI 0% G\H ZDV LQIOXHQFHG E\ LUUDGLDWLRQ WLPH
7DEOH $129$ WDEOH IRU GHJUDGDWLRQ RI0% G\H
 5HVSRQVHVXUIDFHPHWKRGRORJ\
,QWKLVWHFKQLTXHWKHPDLQREMHFWLYHLVWRRSWLPL]HWKHGHJUDGDWLRQRI0%E\YDULRXV SURFHVVSDUDPHWHUVVXFKDV
FDWDO\VW DPRXQW S+ DQG LUUDGLDWLRQ WLPH 7KH UHODWLRQVKLS EHWZHHQ WKH FRQWUROODEOH LQSXW SDUDPHWHUV DQG WKH
GHJUDGDWLRQRI0%DVUHVSRQVHLVDVIROORZV
)DFWRUV /HYHO /HYHO /HYHO 8QLW
&DWDO\VWDPRXQW
  
JO$ $ $
S+
   
% % %
,UUDGLDWLRQWLPH
  
PLQ& & &
([SW
1R
&DWDO\VW
DPRXQW
S+ ,UUDGLDWLRQ
WLPH

'HJUDGDWLRQ
J/ PLQ
    
    
    
    
    
    
    
    
    
)DFWRU '2) 6XPRI
VTXDUHV
0HDQVTXDUHV )FDO 3 ) WDE
&DWDO\VWDPRXQW
J/
     
S+      
,UUDGLDWLRQWLPH
PLQ
     
(UURU   
7RWDO  
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'HJUDGDWLRQ &DWDO\VWS+,UUDGLDWLRQWLPH 
5 YDOXHIRUPRGHOZDVIRXQGWREH
7KHRSWLPL]DWLRQDQDO\VLV LV FDUULHGRXWXVLQJ0,1,7$%VRIWZDUH97KHJRDO VHWXSSHU OLPLWVXVHG ORZHU
OLPLWXVHGZHLJKWVXVHGDQGLPSRUWDQFHRIWKHIDFWRUVDUHSUHVHQWHGLQ7DEOH
7DEOHFRQGLWLRQVXVHGWRJHWRSWLPL]DWLRQSORWVLQ0,1,7$%VRIWZDUH
5HVSRQVH *RDOVHW /RZHUOLPLW 7DUJHW :HLJKW ,PSRUWDQFH
'HJUDGDWLRQ 0D[LPL]H    
7KH SUHGLFWHG YDOXHV RIGHJUDGDWLRQZHUH REWDLQHG E\ VXEVWLWXWLQJ WKH YDOXHV RI WKH SDUDPHWHUV FRQVLGHUHG
IURP7DEOH LQWR(T 7KH DFWXDO YDOXHVREWDLQHG IURP WKHGHJUDGDWLRQ DQG WKHSUHGLFWHGYDOXHVREWDLQHG DUH
WDEXODWHGDVVKRZQLQ7DEOH7KHDFWXDODQGWKHSUHGLFWHGYDOXHVRIGHJUDGDWLRQDUHLQDJUHHPHQWZLWKHDFKRWKHU
7DEOH $FWXDODQGSUHGLFWHGYDOXHVRIGHJUDGDWLRQ
([SW1R $FWXDO 3UHGLFWHG (UURU
   
   
   
   
   
   
   
   
   
7KH UHVSRQVH VXUIDFH RSWLPL]DWLRQ SDUDPHWHUV DUH DV VKRZQ LQ WKH )LJ 7KH RSWLPL]HG YDOXHV REWDLQHG IRU
SDUDPHWHUVDUHFDWDO\VWDPRXQWJOS+DQGLUUDGLDWLRQWLPHPLQ7KH PD[LPXPSHUFHQWDJHGHJUDGDWLRQ
REWDLQHGE\NHHSLQJWKHDERYHSDUDPHWULFYDOXHVLV
)LJ5HVSRQVHVXUIDFHRSWLPL]DWLRQSDUDPHWHUV
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 &RQFOXVLRQV
%DVHGRQWKHH[SHULPHQWDO/WDJXFKLRUWKRJRQDODUUD\WKHIROORZLQJFRQFOXVLRQVZHUHDUULYHGDW
 7KHUDQJHRISDUDPHWHUVVXFKDVFDWDO\VWDPRXQWRI JOS+RIDQGLUUDGLDWLRQWLPHRIPLQ
ZDVH[SORUHGE\RQHIDFWRUDWDWLPHDSSURDFK
 $JZDVGHSRVLWHGRQ7L2 XVLQJSKRWRGHSRVLWLRQ WHFKQLTXHDQGPRORI$J7L2 ZDV IRXQG WRGHJUDGH
PD[LPXPIRUWKHRSWLPL]HGSDUDPHWULFYDOXHV
 ;5'SDWWHUQRI7L2 ZDVIRXQGWREHLQWKHDQDWDVHSKDVHZKLFKLVFRQILUPLQJZLWK-&3'6QR;5'
SDWWHUQRIGLIIHUHQWPRORI$J7L2 GLGQRWFKDQJH WKHPLFURVWUXFWXUHRI7L2 LQGLFDWLQJ WKDW$J LVPHUHO\
SODFHGRQ7L2 DQGKDVQRWHQWHUHGWKH FU\VWDOODWWLFH
 )URP WKH $129$ UHVXOWV RI GHJUDGDWLRQ )FDO ZDV JUHDWHU WKDQ )WDE YDOXH IRU LUUDGLDWLRQ WLPH +HQFH
LUUDGLDWLRQWLPHZDVIRXQGWREHWKHVLJQLILFDQWIDFWRUIROORZHGE\S+DQGFDWDO\VWDPRXQW
ZKLFKLQIOXHQFHV WKHGHJUDGDWLRQ
 7KH RSWLPDO YDOXH E\ 560 IRU PD[LPXP GHJUDGDWLRQ RI  ZDV IRXQG WR EH FDWDO\VW DPRXQW RI
JOS+RIDQGLUUDGLDWLRQWLPHRIPLQ
 7KHFRQILUPDWRU\WHVWIRUWKHGHJUDGDWLRQLVIRXQGWREHZKLFKLVLQDJUHHPHQWZLWKWKHRSWLPL]DWLRQ
UHVXOWVRIIRUWKHPD[LPXPGHJUDGDWLRQEDVHGRQ560
 7KH$J7L2 GHJUDGDWLRQZDVIRXQGWREHLQFRQWUDVWWRWKHXQGHSRVLWHG7L2 ZKLFK\LHOGHGWKXV
LQGLFDWLQJWKHLQFUHDVHLQGXHWRWKHHIIHFWRIVLOYHUGRSLQJ
5HIHUHQFHV
$NSDQ8*+DPHHG%+3DUDPHWHUVDIIHFWLQJWKHSKRWRFDWDO\WLFGHJUDGDWLRQRIG\HVXVLQJ7L2EDVHGSKRWRFDWDO\VWV-RXUQDORI
+D]DUGRXV0DWHULDOV±
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